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Semiconductors



Why can we ignore e-e interactions?

With interactions, the energy would depend not just on 
whether a state is occupied or not, it would also depend on 
whether the other states are occupied.  



Phonon calculation 

1. Write down the classical equations of motion.

2. Linearize the equations

3. The solutions of the linear equations or eigenfunctions of 

the translation operator. They decouple into normal modes.

4. Quantize the normal modes separately. 
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Free electron Fermi gas

-1 -1
2 2

2
( )     J m

2 F

m n
D E

E E E
 

1 - d

-1 -2
2

( )     J m
F

m n
D E

E
 
2 - d

3 / 2
-1 -3

2 2 3 / 2

2 3
( )     J m

2 2 F

m n
D E E E

E




   
 

3 - d



Measuring the effective mass
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 Cyclotron resonance

Resonant absorption occurs when rf waves with the cyclotron 
resonance frequency are applied. This can be used to experimentally 
determine the effective mass.

Knowing the effective mass, the scattering time can be calculated 
from the measured conductivity.
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Semiconductors and insulators - 1d
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Semiconducting carbon nanotubes



Semiconductors and insulators - 2d
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Semiconductors and insulators - 3d
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Silicon density of states

T = 300 K
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Silicon valence bands
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Boltzmann Approximation



The free electron density of states is modified by the effective mass. 
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Density of electrons in the conduction band
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= effective density of states
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Density of holes in the valence band 

( ) v vD E D E E 
1

1 ( ) 1 exp

1 exp B

B

E
f E

k TE
k T




 
          

 

 ( ) 1 ( ) exp
v vE E

v v
B

E
p D E f E dE D E E dE

k T



 

 
    

 
 

Boltzmann
approximation
  Ev > 3kBT



Density of holes in the valence band 
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Law of mass action
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For intrinsic semiconductors (no impurities)
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Intrinsic carrier concentration
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Chemical potential of an intrinsic semiconductor
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http://lampx.tugraz.at/~hadley/ss1/semiconductors/boltzmann.php



The electrical contribution to the 
thermodynamic properties of insulators 
depend on band edges



http://www.matprop.ru/semicond



http://lamp.tu-graz.ac.at/~hadley/ss1/semiconductors/intrinsic.php



Narrow bandgap semiconductors 

Ev Ec

Use the programs for metals for small bandgap semiconductors.



Large gap -> large effective mass
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narrow bands -> large effective mass
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